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Laboratory Analytical Reports 



Site Sample No. Date A
R

SE
N

IC
 (I

II
)

A
R

SE
N

IC
 (V

)

AJAX ST-PWP-04 07/17/03 26.9 258
GRAN ST-PWP-53 07/19/03 <2U 77.9
GRAN ST-PWP-54 07/18/03 3.1 81.7
MAGN ST-PWP-01 07/18/03 <2U <2U
MAGN ST-PWP-02 07/18/03 <2U 125
MAGN ST-PWP-03 07/18/03 <2U 54.4

Arsenic Speciation (Total Metals in ug/L)
Pore Water Samples

Ajax/Magnolia Mines SI, July 2003
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AJAX AD-SFW-07 07/17/03 27.7B <3.8U 2.6B <2U 29.2 12.1B 105000 3B <1.8U <1.4U <16.8U 1.6B 58000 215 0.11B 9.9B 3460B 5170 <2.8U <2.2U <5.7U
MAGN AD-SFW-13 07/18/03 367 <4.7U 239 2.2 164 26.5B 134000 <1.4U 13B 5.3B 9530 <1.3U 69400 1740 0.33 68 4930B 6420 <2.8U <2U 35.3
MAGN AD-SFW-55 07/19/03 1180 <4.7U <4.8U <2U <2U 52.3B 21500 <1.4U <2U 2.4B 636 <1.3U 10500 48.9 0.13B <2.1U 1360B 6340 3.7B 2.6B 5.4B
AJAX PD-SFW-06 07/17/03 56.5B <3.8U 5.4B <2U 3.2 10.9B 107000 <0.6U <1.8U 3B 765 <1.5U 58800 154 0.12B 6.9B 3530B 5230 <2.8U <2.2U 11.9B
MAGN PD-SFW-11 07/18/03 33.4B <4.7U 9.7B <2U 6.8 16.2B 133000 <1.4U 5.5B <2.4U 64.3B <1.3U 69100 905 0.14B 39.4B 4680B 5580 3.1B <2U 11.5B
AJAX ST-SFW-04 07/17/03 48.1B 4.2B 23.6 <2U 22.7 69.8B 40600 <0.6U <1.8U <1.4U 151 <1.5U 18600 12.8B 0.15B <2U 2570B 6480 <2.8U <2.2U <5.7U
AJAX ST-SFW-52 07/17/03 33.8B <3.8U 47.3 73.2 186 33.1B 107000 <0.6U <1.8U <1.4U 31.1B 1.7B 56500 362 <0.1U <2U 4520B 5450 <2.8U <2.2U <5.7U
GRAN ST-SFW-53 07/19/03 93.9B <4.7U 13.1 24.8 8.6 54.8B 15100 <1.4U <2U <2.4U 113 <1.3U 3470B 18.8 0.11B <2.1U 1850B 3130B 3.1B <2U 3.6B
GRAN ST-SFW-54 07/17/03 54.1B <3.8U 12.6 <2U 12.8 53.3B 16200 <0.6U <1.8U <1.4U 78.1B <1.5U 4120B 15 0.14B <2U 2530B 3490B <2.8U <2.2U <5.7U
MAGN ST-SFW-01 07/18/03 51.8B 4.4B <2.4U <2U <2U 56.5B 28400 <0.6U <1.8U <1.4U 57.1B <1.5U 12900 4.8B 0.11B <2U 2320B 6570 <2.8U 2.4B <5.7U
MAGN ST-SFW-02 07/18/03 60B 4.9B 36.2 <2U 35 65.1B 40900 <0.6U <1.8U <1.4U 464 1.7B 18700 28 0.18B <2U 2790B 6300 <2.8U <2.2U <5.7U
MAGN ST-SFW-03 07/18/03 40.5B <4.7U 29.6 <2U 22.5 73.3B 42200 <1.4U <2U <2.4U 266 <1.3U 19400 7.4B 0.18B <2.1U 2410B 6200 <2.8U <2U 4B

Total Metals (ug/L)
Surface Water Samples

Ajax/Magnolia Mines SI, July 2003





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ABA Data 



Table 1: Modified ABA Results for STL Burlington Samples Batch 3 - Received July 29, 2003

Sample Paste Total Sulphate Sulphide Maximum Potential Neutralization Net Neutralization Fizz
pH Sulphur Sulphur Sulphur* Acidity** Potential Potential Rating

(Wt.%) (Wt.%) (Wt.%) (Kg CaCO3/Tonne) (Kg CaCO3/Tonne) (Kg CaCO3/Tonne)
AJAX-WP-SUS-08-1.2 7.8 0.74 0.01 0.73 22.8 72.5 49.7 slight
AJAX-WP-SUS-09-1.0 8.2 0.57 <0.01 0.57 17.8 83.8 66.0 slight
AJAX-WP-SUS-10-2.0 4.1 0.09 0.06 0.03 0.9 -1.3 -2.2 none
CAPM-WP-SUS-20-4.0 7.2 < .02 <0.01 < .02 <0.6 3.3 3.3 none
CAPM-WP-SUS-21-2.5 7.7 0.25 <0.01 0.25 7.8 11.0 3.2 none
CAPM-WP-SUS-39-2.0 5.1 < .02 <0.01 < .02 <0.6 -1.3 -1.3 none
GRAN-BG-SSS-34-0.5 6.0 < .02 <0.01 < .02 <0.6 -5.0 -5.0 none
GRAN-BG-SSS-35-0.5 6.4 < .02 <0.01 < .02 <0.6 -5.0 -5.0 none
GRAN-BG-SSS-36-0.5 6.3 < .02 <0.01 < .02 <0.6 0.5 0.5 none
LUCA-BG-SSS-19-0.5 5.7 < .02 <0.01 < .02 <0.6 -6.0 -6.0 none
MAGN-TA-SSS-15-0.5 4.8 0.53 0.20 0.33 10.3 -2.3 -12.6 none
MAGN-TA-SSS-15-0.5-100 4.7 0.37 0.23 0.14 4.4 -1.3 -5.7 none
MAGN-WP-SUS-14-3.0 5.7 1.58 0.61 0.97 30.3 12.5 -17.8 slight
MAGN-WP-SUS-14-3.0 Rep. 5.9 1.47 0.61 0.86 26.9 13.5 -13.4 slight
MAGN-WP-SSS-16-0.5 3.1 0.32 0.27 0.05 1.6 -5.3 -6.9 none
MAGN-WP-SUS-17-2.0 7.7 0.77 0.02 0.75 23.4 31.0 7.6 slight
SHER-WP-SUS-23-3.5 7.2 < .02 <0.01 < .02 <0.6 4.8 4.8 none
*Based on difference between total sulphur and sulphate-sulphur
**Based on sulphide-sulphur 



Sample Neutralisation Neutralisation
Potential Potential

(kgCaCO3/Tonne) (kgCaCO3/Tonne)
CAPM-WP-SUS-20-4.0 3.3 2.5
MAGN-WP-SSS-16-0.5 -5.3 -5.8
NBM-1 Reference (NP = 42) 39.5 -

Sample Sulphur Sulphur
(Wt.%) (Wt.%)

Duplicates - total sulphur
LUCA-BG-SSS-19-0.5 <.02 <.02
SHER-WP-SUS-23-3.5 <.02 <.02
Std. CSB (5.3%) 5.34 -
BCRI Std. (0.11%) 0.11 -
Dulpicates - sulphate sulphur
AJAX-WP-SUS-08-1.2 0.01 0.01
MAGN-WP-SUS-17-2.0 <0.01 <0.01
BCRI 0.23% SO4-S Ref. 0.24 -

Table 2a: QA/QC for NP Determination (Modified ABA Method)

Table 2b: QA/QC for Sulphur Speciation



Clay Mineralogy 
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September 19, 2003 
 
Cathy Bohlke 
EA Engineering, Science and Technology 
12011 Bellevue-Redmond Rd, Suite 200 
Bellevue, WA 98005 
425-451-7400 ext. 144 
 
Subject: X-ray Diffraction Analysis 
Project No.: 1389016-0007 
K/T File No.: Z03222C 
 
Dear Cathy, 
 
This report presents the results of clay fraction (<4 micron) X-ray diffraction (XRD) analyses 
performed on 7 samples.  These analyses are performed to provide mineralogy of the samples. 
 
Enclosed find the tabular XRD data (weight percentage), diffraction traces for the sample and a 
detailed description of sample preparation and analytical procedures.  For your convenience, I 
have sent a copy of this report via e-mail. 
 
Unused portions of the sample will be returned upon request.  If you have any questions 
concerning these results or if you need anything else please contact me at (940) 597-9076. 
 
Thank you for using K/T GeoServices to perform your X-ray diffraction analyses and I look 
forward to working with you again in the future. 
 
Sincerely, 
 
 
 
 
 
 
James Talbot 
 
 
 
NOTICE:  The results and interpretations presented in this report are based on materials and information supplied by the client and represent the 
judgment of K/T GeoServices, Inc.  This report is intended for the client's exclusive and confidential use, and any user of this report agrees that 
K/T GeoServices, Inc. and its employees assume no responsibility and make no warranties or representation as to the utility of this report for any 
reason.  K/T GeoServices, Inc. and its employees shall not be liable for any loss or damage, regardless of cause, resulting from the use of any 
information contained herein. 
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Mineral Definitions 
 
Phyllosilicate (Clay) Minerals 
 
Smectite (Montmorillonite) 
A clay mineral group synonymous with the montmorillonite group.  The smectite group is 
composed of expandable (swelling) clay minerals.  The general formula for Smectite is 
Al2(Si4O10)(OH)2.  Smectites are characterized by swelling in water and extreme colloidal 
behavior. 
 
Illite & Mica 
Illite & Mica (muscovite) are common non-expanding (non-swelling) minerals.  Illite is the fine-
grained clay mineral analogue to muscovite.  Illite and Mica are hydrated silicates containing 
potassium, silica and alumina. 
 
Kaolinite 
Kaolinite is a common non-expanding (non-swelling) clay mineral.  It is a hydrous aluminum 
silicate with the general formula Al2(Si2O5)(OH)4. 
 
Chlorite 
Chlorite is a common non-expanding (non-swelling) clay mineral.  It is a hydrous aluminum 
silicate that often contains iron. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference for general mineral definitions: 
Dictionary of Geological Terms, American Geological Institute, 1976, Anchor Press/Doubleday, 
Garden City, New York. 
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Mineral Definitions (continued) 
 
Rock Forming (nonclay) Minerals 
 
Amphibole 
The term amphibole refers to a mineral group.  Hornblende is a common member of this group. 
 
Goethite 
Goethite (FeO•OH) is a common weathering product of iron-bearing minerals such as siderite, 
magnetite, pyrite, etc. 
 
Quartz 
Quartz (SiO2) is the most common rock-forming mineral. 
 
Plagioclase 
Plagioclase is a mineral series ranging in composition from Albite (NaAlSi3O8) to Anorthite 
(CaAl2Si2O8) and is one of the most common rock forming mineral groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference for general mineral definitions: 
Dictionary of Geological Terms, American Geological Institute, 1976, Anchor Press/Doubleday, 
Garden City, New York. 
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Discussion of Terminology and Limitations 
 
Clay Fraction (<4 micron size fraction) 
For purposes of this report, the clay fraction is defined as the <4 micron ESD (Equivalent 
Spherical Diameter) fraction of the sample.  Clay fraction does not mean clay minerals 
(phyllosilicates) only, it is a size term and as such this size fraction can and almost always does 
include non-clay minerals (quartz, plagioclase, etc.).  This size fraction is used because it 
typically contains abundant clay minerals. 
 
Clay Fraction weight % 
The <4 micron size cutoff for this fraction is based on calculated settling rates for the specific 
centrifuge used in the sample preparation.  This is not a strict size analysis but is considered a 
convenient cutoff to aid in clay mineral analysis. 
 
Data table 
Data are formatted as weight percent, but are actually calculated as weight fractions.  Therefore, 
slight rounding errors may be observed in the formatted data. 
 
Non-crystalline (X-ray amorphous) material 
XRD methods can quantify crystalline material only.  Organic non-crystalline material in large 
concentrations can be detected but not quantified.  Therefore, any organic and/or non-crystalline 
material is not included in the accompanying results. 
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K/T GeoServices, Inc., Clay Fraction XRD 
Sample Preparation and Analytical Procedures 

 
Sample Preparation  
Samples submitted for clay fraction XRD analysis are first dried overnight in a convection oven 
at 60° C. The samples are then disaggregated using a mortar and pestle, weighed, and dispersed 
in a dilute sodium phosphate solution using a sonic probe.  The samples are next size-
fractionated using a centrifuge into bulk (>4 microns) and clay-size fractions (<4 microns 
equivalent spherical diameter (ESD)).  The bulk fractions of each sample are dried and weighed 
in order to determine weight loss due to removal of clay-size materials.  This weight loss is 
identified in the accompanying data table as “<4 Weight %.”  The clay suspensions (clay-size 
fractions) are decanted and vacuum deposited on membrane filters to produce oriented clay 
mounts.  The oriented clay mounts are attached to glass slides and exposed to ethylene glycol 
vapor at 60 degrees C in a vacuum oven for a minimum of 12 hours to aid in detection and 
characterization of expandable clays. 
 
Analytical Procedures 
X-ray Diffraction (XRD) analyses of the samples are performed using a Rigaku automated 
powder diffractometer equipped with a copper X-ray source (40kV, 35mA) and a scintillation X-
ray detector.  The glycol solvated oriented clay mounts are analyzed over an angular range of 
two to fifty degrees two theta at a rate of one and one half degrees per minute. 
 
Semi-quantitative determinations of clay fraction mineral amounts are done utilizing integrated 
peak areas (derived from peak-decomposition / profile-fitting methods) and empirical reference 
intensity ratio (RIR) factors determined specifically for the diffractometer used in data 
collection.  The relative amounts of phyllosilicate minerals are determined from the patterns 
using profile-fitted integrated peak intensities and combined empirical and calculated RIR 
factors.  Determinations of mixed-layer clay ordering and expandability are done by comparing 
experimental diffraction data from the glycol-solvated clay aggregates with simulated one 
dimensional diffraction profiles generated using the program NEWMOD written by R. C. 
Reynolds. 

 



Weight Percent X-ray Diffraction Data

Project No. 1389016-0007 1389016-0007 1389016-0007 1389016-0007 1389016-0007 1389016-0007 1389016-0007
XRD# 1 2 3 27 28 29 30

Sample ID AJAX-ST-PSD-04 AJAX-PD-SSD-06 AJAX-ST-SSD-52 MAGN-ST-PSD-01 MAGN-ST-PSD-02 MAGN-ST-PSD-03 MAGN-PD-SSD-11
<4 Weight% 2.4% 28.3% 3.2% 2.9% 2.9% 2.0% 13.2%

Smectite 17  % 16  % 3.8% 56  % 36  % 39  % 21  %
Illite & Mica 15  % 51  % 35  % 4.5% 22  % 24  % 36  %

Kaolinite 15  % 0% 14  % 0% 24  % 16  % 30  %
Chlorite 0% 13  % 0% 0% 0.5% 0.6% 0.5%

Amphibole 5.9% 0% 5.9% 9.6% 3.9% 8.8% 4.5%
Goethite 0% 20  % 0% 0% 0% 0% 0%

Quartz 36  % 0% 32  % 0% 9.1% 8.2% 5.8%
Plagioclase 11  % 0% 8.1% 30  % 4.4% 2.9% 2.7%

TOTAL 100% 100% 100  % 100% 100  % 100  % 100%

K/T GeoServices, Inc. Report Z03222C September 19, 2003
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September 26, 2003 
 
Cathy Bohlke 
EA Engineering, Science and Technology 
12011 Bellevue-Redmond Rd, Suite 200 
Bellevue, WA 98005 
425-451-7400 ext. 144 
 
Subject: X-ray Diffraction Analysis 
Project No.: 1389013-0002 
K/T File No.: Z03222D 
 
Dear Cathy, 
 
This report presents the results of clay fraction (<4 micron) X-ray diffraction (XRD) analyses 
performed on 11 samples.  These analyses are performed to provide mineralogy of the samples. 
 
Enclosed find the tabular XRD data (weight percentage), diffraction traces for the sample and a 
detailed description of sample preparation and analytical procedures.  For your convenience, I 
have sent a copy of this report via e-mail. 
 
Unused portions of the sample will be returned upon request.  If you have any questions 
concerning these results or if you need anything else please contact me at (940) 597-9076. 
 
Thank you for using K/T GeoServices to perform your X-ray diffraction analyses and I look 
forward to working with you again in the future. 
 
Sincerely, 
 
 
 
 
 
 
James Talbot 
 
 
 
NOTICE:  The results and interpretations presented in this report are based on materials and information supplied by the client and represent the 
judgment of K/T GeoServices, Inc.  This report is intended for the client's exclusive and confidential use, and any user of this report agrees that 
K/T GeoServices, Inc. and its employees assume no responsibility and make no warranties or representation as to the utility of this report for any 
reason.  K/T GeoServices, Inc. and its employees shall not be liable for any loss or damage, regardless of cause, resulting from the use of any 
information contained herein. 
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Mineral Definitions 
 
Phyllosilicate (Clay) Minerals 
 
Smectite (Montmorillonite) 
A clay mineral group synonymous with the montmorillonite group.  The smectite group is 
composed of expandable (swelling) clay minerals.  The general formula for Smectite is 
Al2(Si4O10)(OH)2.  Smectites are characterized by swelling in water and extreme colloidal 
behavior. 
 
Illite & Mica 
Illite & Mica (muscovite) are common non-expanding (non-swelling) minerals.  Illite is the fine-
grained clay mineral analogue to muscovite.  Illite and Mica are hydrated silicates containing 
potassium, silica and alumina. 
 
Kaolinite 
Kaolinite is a common non-expanding (non-swelling) clay mineral.  It is a hydrous aluminum 
silicate with the general formula Al2(Si2O5)(OH)4. 
 
Chlorite 
Chlorite is a common non-expanding (non-swelling) clay mineral.  It is a hydrous aluminum 
silicate that often contains iron. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference for general mineral definitions: 
Dictionary of Geological Terms, American Geological Institute, 1976, Anchor Press/Doubleday, 
Garden City, New York. 



K/T GeoServices Report Z03222D  Page 3 of 5 September 26, 2003 

Mineral Definitions (continued) 
 
Rock Forming (nonclay) Minerals 
 
Amphibole 
The term amphibole refers to a mineral group.  Hornblende is a common member of this group. 
 
Laumontite 
Laumontite is a zeolite mineral with the formula Ca (Al2Si4O12)• 4H2O. 
 
Quartz 
Quartz (SiO2) is the most common rock-forming mineral. 
 
Plagioclase 
Plagioclase is a mineral series ranging in composition from Albite (NaAlSi3O8) to Anorthite 
(CaAl2Si2O8) and is one of the most common rock forming mineral groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference for general mineral definitions: 
Dictionary of Geological Terms, American Geological Institute, 1976, Anchor Press/Doubleday, 
Garden City, New York. 
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Discussion of Terminology and Limitations 
 
Clay Fraction (<4 micron size fraction) 
For purposes of this report, the clay fraction is defined as the <4 micron ESD (Equivalent 
Spherical Diameter) fraction of the sample.  Clay fraction does not mean clay minerals 
(phyllosilicates) only, it is a size term and as such this size fraction can and almost always does 
include non-clay minerals (quartz, plagioclase, etc.).  This size fraction is used because it 
typically contains abundant clay minerals. 
 
Clay Fraction weight % 
The <4 micron size cutoff for this fraction is based on calculated settling rates for the specific 
centrifuge used in the sample preparation.  This is not a strict size analysis but is considered a 
convenient cutoff to aid in clay mineral analysis. 
 
Data table 
Data are formatted as weight percent, but are actually calculated as weight fractions.  Therefore, 
slight rounding errors may be observed in the formatted data. 
 
Non-crystalline (X-ray amorphous) material 
XRD methods can quantify crystalline material only.  Organic non-crystalline material in large 
concentrations can be detected but not quantified.  Therefore, any organic and/or non-crystalline 
material is not included in the accompanying results. 
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K/T GeoServices, Inc., Clay Fraction XRD 
Sample Preparation and Analytical Procedures 

 
Sample Preparation  
Samples submitted for clay fraction XRD analysis are first dried overnight in a convection oven 
at 60° C. The samples are then disaggregated using a mortar and pestle, weighed, and dispersed 
in a dilute sodium phosphate solution using a sonic probe.  The samples are next size-
fractionated using a centrifuge into bulk (>4 microns) and clay-size fractions (<4 microns 
equivalent spherical diameter (ESD)).  The bulk fractions of each sample are dried and weighed 
in order to determine weight loss due to removal of clay-size materials.  This weight loss is 
identified in the accompanying data table as “<4 Weight %.”  The clay suspensions (clay-size 
fractions) are decanted and vacuum deposited on membrane filters to produce oriented clay 
mounts.  The oriented clay mounts are attached to glass slides and exposed to ethylene glycol 
vapor at 60 degrees C in a vacuum oven for a minimum of 12 hours to aid in detection and 
characterization of expandable clays. 
 
Analytical Procedures 
X-ray Diffraction (XRD) analyses of the samples are performed using a Rigaku automated 
powder diffractometer equipped with a copper X-ray source (40kV, 35mA) and a scintillation X-
ray detector.  The glycol solvated oriented clay mounts are analyzed over an angular range of 
two to fifty degrees two theta at a rate of one and one half degrees per minute. 
 
Semi-quantitative determinations of clay fraction mineral amounts are done utilizing integrated 
peak areas (derived from peak-decomposition / profile-fitting methods) and empirical reference 
intensity ratio (RIR) factors determined specifically for the diffractometer used in data 
collection.  The relative amounts of phyllosilicate minerals are determined from the patterns 
using profile-fitted integrated peak intensities and combined empirical and calculated RIR 
factors.  Determinations of mixed-layer clay ordering and expandability are done by comparing 
experimental diffraction data from the glycol-solvated clay aggregates with simulated one 
dimensional diffraction profiles generated using the program NEWMOD written by R. C. 
Reynolds. 

 



Weight Percent X-ray Diffraction Data

Project No. 1389013-0002 1389013-0002
XRD# 25 26

Sample ID GRAN-ST-PSD-53 GRAN-ST-PSD-54
<4 Weight% 2.1% 1.9%

Smectite 6.5% 8.5%
Illite & Mica 39  % 64  %

Kaolinite 5.6% 8.8%
Chlorite 2.2% 1.6%

Amphibole 3.4% 5.5%
Laumontite 0% 0%

Quartz 31  % 9.9%
Plagioclase 13  % 1.9%

TOTAL 100% 100%

K/T GeoServices, Inc. Report Z03222D September 26, 2003


